Oxidative stress and mitochondrial dysfunction are acute consequences of status epilepticus (SE). However, the role of mitochondrial oxidative stress and genomic instability during epileptogenesis remains unknown. Using the kainate animal model of temporal lobe epilepsy, we investigated oxidative mitochondrial DNA (mtDNA) damage and changes in the mitochondrial base excision repair pathway (mtBER) in the rat hippocampus for a period of 3 months after SE. Acute seizure activity caused a time-dependent increase in mitochondrial, but not nuclear 8-hydroxy-2-deoxyguanosine (8-OHdG/2dG) levels and a greater frequency of mtDNA lesions. This was accompanied by increased mitochondrial H 2 O 2 production and a transient decrease in mtDNA repair capacity. The mtBER proteins 8-oxoguanine glycosylase (Ogg1) and DNA polymerase gamma (Pol γ) demonstrated elevated expression at mRNA and protein levels shortly after SE and this was followed by a gradual improvement in mtDNA repair capacity. Recurrent seizures associated with the chronic phase of epilepsy coincided with the accumulation of mtDNA damage, increased mitochondrial H 2 O 2 levels, decreased expression of Ogg1 and Pol γ and impaired mtDNA repair capacity. Together, increased oxidative mtDNA damage, mitochondrial H 2 O 2 production and alterations in the mtBER pathway provide evidence for mitochondrial oxidative stress in epilepsy and suggest that mitochondrial injury may contribute to epileptogenesis.
Introduction
Epilepsy is a recent addition to the diverse array of acute and chronic neurological disorders in which oxidative stress and mitochondrial dysfunction occurs and may play an important role (Kunz, 2002; Kunz et al., 1999; Patel, 2004) .
Status epilepticus (SE) and the subsequent development of epilepsy is associated with several detrimental cellular manifestations (Kann and Kovacs, 2007) . The role of mitochondrial genomic instability is particularly intriguing in light of the emerging role of oxidative stress, mitochondrial DNA (mtDNA) damage and mitochondrial abnormalities in epilepsy (Heinemann et al., 2002; Kann et al., 2005; Kovacs et al., 2002; Kudin et al., 2002; Kunz et al., 1999; Liang et al., 2000; Liang and Patel, 2006; Patel et al., 2001; Sleven et al., 2006a) . Evidence for mitochondria being a major site of oxidative damage in SE is supported by the fact that acute seizure activity results in oxidative damage to mitochondrial DNA, lipids and proteins, modulation of the mitochondrial redox status and increased reactive oxygen species (ROS) generation (Liang and Patel, 2004 , Patel et al., 2008 , 2001 . The mitochondrial genome is a particularly vulnerable target for ROSinduced damage (Bohr, 2002) . Accordingly, mtDNA damage has been implicated as an important mechanism underlying the cause and/or consequence of epileptic seizures (Cock, 2002; Kunz, 2002; Patel, 2004) . However, in contrast to acute seizures, it remains unclear whether, and to what extent, mitochondrial oxidative stress and mtDNA damage is altered during the development of chronic epilepsy.
Mitochondrial genomic instability and diminished mtDNA repair capacity have been implicated as important factors in several neurodegenerative diseases (Bohr et al., 2002) . Epileptic seizures are the presenting sign of several mtDNA disorders arising from mtDNA mutations and furthermore, stochastic mtDNA injury has been associated with acquired epilepsy (Cock et al., 1999; Deschauer et al., 2003; Horvath et al., 2006; Wallace et al., 1994 Wallace et al., , 1992 . It should also be emphasized that mutations that impair the mtDNA base excision repair (mtBER) pathway have also been linked with chronic epilepsy (Horvath et al., 2006; Hudson and Chinnery, 2006; Nguyen et al., 2006) . Moreover, aging per se is a significant risk factor for developing the epileptic phenotype with both mitochondrial oxidative stress and oxidative mtDNA damage strongly correlated with aging (Bohr, 2002; Bohr et al., 2002; Liang and Patel, 2004) .
Previous studies have investigated the critical role of nuclear DNA repair pathways, such as nuclear base excision repair (nBER), nonhomologous end joining repair (NHEJ) and mismatch repair (MMR) 
